Objectives: Low birth weight (LBW) is a major public health concern, especially in developing countries, and is frequently related to child morbidity and mortality. This study aimed to identify key determinants that influence the prevalence of LBW in selected developing countries.
INTRODUCTION
Infant birth weight is a significant predictor of the immediate and future health status of a newborn. Low birth weight (LBW) is a major public health concern and one of the strongest single risk factors for early neonatal mortality and morbidity [1, 2] . According to the World Health Organization, the prevalence of LBW is 15.5% globally, and 96.5% of LBW infants are born in developing countries [3, 4] . LBW has been defined as a birth weight of less than 2500 g regardless of gestational age. Consequently, LBW is considered to be associated with a greater risk of early childhood death than is associated with normal birth weight [5] . Furthermore, it is a significant factor associated with higher probabilities of infection, greater susceptibility to childhood illness, lower chances of child survival, long-term physical and mental deficiencies, and problems related to behavior, learning, and psychosocial improvements LBW in Developing Countries during childhood [2, 6] . In the perinatal period, LBW infants are in a critical state with regard to survival, and approximately half of all neonatal deaths are directly or indirectly linked to LBW [7] . This adverse pregnancy outcome may be influenced by several conditions, such as heart disease, diabetes, hypertension, behavioral disorders, impaired cognitive function, psychological disorders, and a substantial risk of complications related to the stoma includes the esophagus, stomach, duodenum, ileum, colon, pleural cavity, ureters, urinary bladder, and kidney pelvis etc. [8] , and usually incurs long-term financial burdens for households [9, 10] . Furthermore, with the demographic change of increased life expectancy at birth in developing countries, children born with LBW can cause an increased economic burden and an increased disease burden [10, 11] . Consequently, LBW is considered as a universal threat for developing countries that creates a barrier for child development [12, 13] . Previous studies have shown several factors to be determinants of LBW and have demonstrated that preventing those factors can help reduce early childhood morbidity and mortality [14] . The determinants of LBW can be broadly classified as genetic, constitutional, obstetric, nutritional, related to maternal morbidities in the antenatal period, toxic exposure-related, and linked to antenatal care (ANC). Other factors including smoking, maternal age, birth spacing, ANC, anemia, genital infections, maternal ill health, and stress have also been reported [15] . Research on the prevalence and determinants of LBW has been conducted using nationwide population-based survey data, with some studies focusing on developing countries. However, most of the multi-country studies were conducted using recalled birth weight data, with mothers reporting information about the size of their newborn baby (e.g., very small, small, normal, large, and very large) from memory, which may have affected the accuracy of the results regarding LBW [16] . This study used a continuous type of birth weight data derived from Demography and Health Surveys (DHSs) among 10 selected developing countries. However, global development has entered a new era, as world leaders have evaluated the achievements of the Millennium Development Goals and adopted the 2030 Agenda for Sustainable Development in the name of Sustainable Development Goals (SDGs). The specific SDGs known as the health goal (goal No. 3) aims to "ensure healthy lives and promote well-being for all at all ages, " with one of the important targets being to ensure universal access to reproductive health care services, including family planning, information and education, and the integration of reproductive health into national strategies and programs. The aim of this study was to investigate the distribution and determinants of LBW in selected developing countries so that policy makers in all countries can design effective plans for building stronger communities, emphasizing a comprehensive approach to reach their objectives, particularly SDG-3.
METHODS

Study Design
Secondary data analysis was carried out using DHS data for the period of 2010 to 2013 from the following least- 
Data Collection and Sampling Technique
The DHS collected national-level household-based survey data on birth weight retrospectively from mothers whose youngest child was under five years of age. The DHS used a stratified, two-stage cluster sampling design. The first stage involved selecting samples from a master sampling frame constructed from enumeration, and the second stage involved systematic sampling of the households listed from each cluster, to ensure that adequate numbers of completed individual interviews were obtained. The survey collected data through questionnaire-based face-to-face interviews, for which women of reproductive age (15 to 49 years) were interviewed based on the Measure DHS program model. Each respondent (mother) was asked to provide a detailed birth history for births in the preceding survey. Birth weight was recorded using the metric scale (in grams) in all selected study countries. Details regarding the sample design, specific consent, and data collection procedures have been reported elsewhere, in the DHS reports from the individual countries [17] .
Outcome Variable
The DHS recorded birth weight data from mothers whose youngest child was less than five years old in the five years preceding the survey using health card records. Entries on health cards were generally completed by a physician or a health worker and given to mothers upon discharge from the health facility (e.g., hospital, clinic or any other healthcare institution). Reporting birth weight information on health cards has been found to be more reliable than obtaining birth weight information through maternal recall [18] . The birth weight information derived from the DHS may include possible misclassifications, as the DHS used the proxy variable of the reported size of the infant at birth, which may lead to potential heaping [18] [19] [20] [21] . This study analyzed only the numerical birth weight data contained in the DHS survey for only the most recent children. Finally, birth weight data were classified into two groups: non-LBW (birth weight ≥2500 g) or LBW (birth weight <2500 g). Data from children with a missing birth weight, mothers with twin or multiple pregnancies, and stillbirths were excluded from the analysis.
Independent Variables
The study variables were selected based on epidemiological information, prior studies, a review of the relevant published demographic studies, and the available information in the DHS datasets, with a consideration of potential confounders [22] [23] [24] . Individual-level factors such as maternal age, the height of the mother, sex of the child, educational status, occupational status, parity, ANC visits, intake of iron during pregnancy, maternal hemoglobin (Hb) levels, and nutritional status, as well as community-level factors, such as wealth status and place of residence, were considered in the study. Maternal age was divided into the categories of ≤19 years, 20-34 years, and 35-49 years, and maternal height was defined as short (≤145 cm), average (146-155 cm), or tall (>155 cm). The sex of the child was recorded as male or female. Education level was defined as no education, primary education, or secondary or higher education, and current occupational status was classified as not working or working. Frequency of ANC visits was defined as inadequate (0 or 1), intermediate (2 or 3), or adequate (4 or more), and parity was classified as first birth, 2-3 births, 4 or more births. Age at first cohabitation was defined as ≤12 years, 13-17 years, or ≥18 years. Whether the mother had taken iron pills during pregnancy was recorded as yes or no. Maternal Hb levels were measured using the HemoCue (HemoCue, Angelholm, Sweden) rapid testing method, and participants were divided based on whether their Hb level was <12.0 g/dL or ≥12.0 g/dL. Height and body weight were obtained from the dataset, and body mass index (BMI) was calculated as the ratio of weight in kilograms to height in meters squared (kg/m 2 ). BMI was further categorized into three groups: low (≤18.5 kg/m 2 ), normal or healthy weight (18.5-24.9 kg/m 2 ) or overweight (BMI >24.9 kg/m 2 ). The DHS applied an asset-based approach to estimate household wealth status, which was measured based on the ownership of durable assets. Each variable (asset) was dichotomized as 1 if present and 0 if not, and the wealth index was constructed using principal component analysis (PCA). Weights were determined by factor scores derived from the first principal component in the PCA. The constructed wealth index values were then assigned to each individual based on common variables. We established cutoff values for percentiles of the population, and we classified participants into three groups: poor (bottom 40%), middle (middle 40%), or rich (top 20%), following the cutoffs used in an earlier study. Place of residence was classified as rural or urban.
Statistical Analysis
In the descriptive analyses, the characteristics of the study population for selected countries were expressed as percentages (%) with 95% confidence interval (CIs). For independent variables, the category found to be at the least risk for having an LBW baby in the analysis was considered as the reference for constructing odds ratios (ORs). A multivariate logistic regression model was applied to estimate ORs as a measure of the associations between LBW and related risk factors after considering potential confounders. The diagnostic tests were employed in the analyses. Normality test for the birth weight data was accomplished through graphically. Goodness of fit was assessed using the Hosmer and Lemeshow statistic [25] . The variance inflation factor (VIF) test was performed to determine whether multicollinearity was present. For all the tests conducted in the study, p<0.05 were considered to indicate statistical significance. In the analyses, the sampling weight was adjusted based on the DHS data [26] , and all statistical analyses were carried out using Stata/SE 13.0 (StataCorp, College Station, TX, USA).
Ethical Approval
Ethical clearance to conduct the DHS was obtained from the Measure DHS and the Ethics Committee of ICF Macro (Calverton, MD, USA). The DHS data are publicly accessible and were made available to us upon request by Measure DHS.
RESULTS
Population Characteristics
A total of 59 932 live births were recorded in the study countries (Table 1) ; Indonesia had the highest number (15 135 live births), followed by Colombia (12 029 live births). Birth weight data were demonstrated to be normally distributed ( Figure 1 ). The overall prevalence of LBW was 15.9% (95% CI, 15.6 to 16.2%), and the average birth weight of LBW babies was 2179 g ( Figure 2 ). Pakistan had the highest prevalence of LBW (35.1%; 95% CI, 32.9 to 37.3%), followed by Nepal (29.7%; 95% CI, 27.7 to 31.7%), with average birth weights of 1988 g and 2255 g, respectively ( Table 1) .
The majority of the mothers (73.5%) were between 20 and 34 years of age, and more than half of the mothers did not have any formal education, with the highest proportion found in Pakistan (57.2%), followed by Nepal (46.5%) ( Table 2 ). Overall, 52% of mothers were non-working, with the highest amount observed in Jordan (85.7%), followed by Pakistan (74.2%). Approximately 93.8% of mothers had taken iron pills, and more than 63% of mothers had not an acceptable level of Hb (<12.0 g/dL). Overall, approximately 69.8% of mothers received adequate ANC (4 or more visits) during their last pregnancy. However, the highest percentages of adequate ANC were observed among the mothers in Armenia (94.8%), Colombia (89.8%), Indonesia (88.4%), and Jordan (94.5%). Nearly half of the mothers lived in households with a low socioeconomic status (Table 2) .
Factors Influencing the Determinants of Low Birth Weight
In this study, step-up methods were used to enter all factors into a single regression model for adjusted analysis (Table 3) . This model showed that a number of factors significantly influenced LBW. The regression model explained 22% of total variation (Cox-Snell R 2 =22%). The VIF test, which had a mean (maximum) value of 2.22 (4.12), indicated that no evidence of multicollinearity was present in the regression model. The Hosmer and Lemeshow statistic showed no significant difference between the model and observed data, confirming a good fit of the model to the data. Mothers with advanced age (35 to 49 years) had a significantly greater risk of delivering LBW babies than younger mothers (p<0.01) ( LBW was defined as a birth weight between 1500 g and 2500 g. 4 Extreme LBW was defined as a birth weight <1500 g. 5 The overall prevalence of LBW was defined based on an LBW definition of birth weight <2500 g. 
p<0.01).
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DISCUSSION
In this study, we identified potential determinants of the prevalence of LBW in developing countries. Our findings demonstrated that advanced maternal age (35 to 49 years), lack of ANC, primiparity, illiteracy, later conception, and being in the poorest socioeconomic stratum were significantly associated with LBW. Previous studies have likewise found that women with advanced maternal age are more likely to give birth to LBW babies [1, 2, [27] [28] [29] . Pregnant women aged ≥35 years are more likely to increase the probability of risk having pregnancy complications compared with younger women, like as, gestational diabetes, placenta praevia, breech presentation, that might be cause of delivering babies with LBW. Women with poor educational status were generally at a higher risk of having an LBW baby than mothers with secondary or higher education. These findings are consistent with those of some previous studies conducted in developing countries [1, [30] [31] [32] . We found that later conception was associated with a significantly greater risk of LBW. This may be related to age, because increased age is related to common chronic diseases such as arthritis, hypertension, and diabetes prior to pregnancy [27] . However, these findings are in contrast with those of another study conducted in a developing country [31] . The present study also observed an increased risk of LBW among newborns born to mothers with a low BMI in comparison to normalweight mothers. This finding parallels those of earlier studies conducted in low-middle income countries showing that infants of low-BMI mothers had a significantly higher likelihood of LBW [31, [33] [34] [35] [36] . Additionally, low socioeconomic status was a risk factor of LBW, confirming the findings of previous studies that the poorest women in developing countries are at a significantly higher risk of delivering LBW infants [32, 37] .
The present study found that receiving insufficient ANC was a significant contributor to LBW. Specifically, in women who failed to receive any ANC or had inadequate ANC than recommended, the risk of LBW was higher than in women attending the standard number of ANC visits [38] . Similar results have also been reported in previous studies conducted in developing countries, although the magnitude of risk appears to vary substantially in different settings depending on the ANC system and the degree of attendance [28, 31, 35, 39] . Comparing our findings to those of prior studies, the evidence suggests that the degree of risk may be diluted in settings with a standard frequency of ANC. Women living in rural communities had a greater risk of LBW than urban mothers. Similar results have been found in other studies [1, 2, 6, 35] . Although this study has some strength, such as the large sample size and quality of data, it also has important limitations. The selected countries were found to have a large amount of missing birth weight data. They were also selected to ensure geographical coverage of less developed regions as well as based on the presence of available data related to the study variables. The reported number of home deliveries may have been influenced by social, cultural, and economic factors, and is likely to be country-specific and region-specific, as well as to change over time, and these possibilities were not captured in this analysis. Moreover, the selected DHSs were conducted in different years, which may have resulted in inconsistencies. A high percentage of babies delivered at home had inadequate birth weight measurements, with a large proportion of missing data. Consequently, many samples were excluded from the study. The aggregation of country data into regional summaries by wealth quintile may have caused errors through the combination of wealth quintiles from countries at differing wealth levels. Additional multilevel analysis of existing datasets could provide more detailed information for individual countries on adverse pregnancy outcomes as well as on health-seeking behavior related to maternal and child health.
In summary, this study identified some significant risk factors with independent effects on the prevalence of LBW in selected developing countries. Among these factors, inadequate
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ANC, delayed conception, and maternal age had a greater potential effect on birth weight. Improvements in these specific risk factors might have the positive effect in reducing the incidence of LBW. However, interventions to improve the educational levels of women and female children are also important for reducing the prevalence of LBW. Different strategies should be implemented considering the settings of individual countries, with appropriate community-based interventions focusing on these factors so that policy-makers can design effective plans for improving overall maternal and child health in selected developing countries.
